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The quenching rate, which is dependent on the surface velocity Vs of Cu wheel during melt
spinning, has significant influence on the formation of nanocomposite structure in the Fe52Pt32B18
melt-spun ribbons. The L10-FePt/Fe2B hard magnetic nanocomposite structure was formed
at Vs=20–37 m/s, while the soft magnetic fcc-FePt+amorphous phases were formed at Vs
=40–50 m/s. The ribbons melt spun at Vs=37 m/s exhibit in-plane coercivity iHc=760 kA/m,
remanence Br=0.71 T, and energy product BHmax=93.4 kJ/m3. The Br=0.74–0.77 T,
iHc=681–718 kA/m, and BHmax=101–108 kJ/m3 were obtained for the ribbons melt spun at
Vs=50 m/s and annealed at 748–773 K for 900 s. The improvement in hard magnetic properties is
due to the formation of more finer and homogeneous nanocomposite structure, which results in the
enhancement in exchange coupling among the nanosized hard L10-FePt and soft Fe2B magnetic
phases. © 2007 American Institute of Physics. DOI: 10.1063/1.2711714
In recent years nanocomposite magnets have attracted
considerable attention in the magnetic community.1–3 In
nanocomposite magnets, hard magnetic phase provides high
coercive field, while the soft magnetic phase provides high
saturation magnetization. The sizes of both the hard and soft
magnetic phases are in nanoscale range so that the magnetic
moments of adjacent grains are exchange coupled, leading to
an enhanced energy product BHmax.4 In addition, these
magnets also exhibit a reversible demagnetization curve that
is spring-back action and is very important for the permanent
magnets because it defines the ability of a magnet to main-
tain its magnetization on the application of a reverse mag-
netic field.
In the last decade, Nd–Fe–B and Sm–Co base nanocom-
posite magnets have been widely studied. The common prob-
lems associated with these hard magnets were high corrosion
rate and high susceptibility to oxidation. In this regard, FePt-
based nanocomposite spring magnets got much attention5–9
because they exhibit high corrosion resistance and ordered
tetragonal phase L10-FePt, which has an extremely high
magnetocrystalline anisotropy K=7 MJ m−3. Recently, we
succeeded in fabricating a type of L10-FePt/Fe2B nanocom-
posite magnets with low Pt contents 18–24 at. %  by the
melt-spinning technique.10,11 These magnets were obtained
from the Fe–Pt–B amorphous phase after subsequent anneal-
ing treatment, which resulted in the formation of hard
L10-FePt and soft Fe2B magnetic phases. These
L10-FePt/Fe2B nanocomposite magnets displayed good hard
magnetic properties with in-plane coercive field iHc rang-
ing from 375 to 487 kA/m and BHmax from
102 to 127 kJ/m3, since the microstructure and magnetic
properties of melt-spun magnetic alloys are strongly depen-
dent on quenching conditions, especially the quenching rate.
Therefore, it is important to obtain good hard magnetic prop-
erties through optimization of melt-spinning conditions.
Very recently, we have investigated the effects of Pt con-
centration on the structure and hard magnetic properties of
Fe–Pt–B melt-spun alloys.12 It was demonstrated that the
L10-FePt/Fe2B-type nanocomposite magnets with large iHc
were synthesized from Fe–Pt–B alloys with Pt concentration
of about 30 at. % even in the as-spun ribbons without an-
nealing treatment. In this paper, we report on the effects of
the surface velocity Vs of Cu wheel on the structure and
magnetic properties of melt-spun Fe52Pt30B18 alloy. In addi-
tion, the structure and hard magnetic properties of the rib-
bons consisting of amorphous and fcc-FePt phase in as-spun
state are also investigated after annealing treatment.
Appropriate amounts of pure Fe 99.99 mass % , Pt
99.9 mass % , and boron 99.5 mass %  were arc-melted in
an argon atmosphere to obtain the Fe52Pt30B18 alloy ingot.
The ingot was crushed into small pieces to accommodate the
size of a quartz crucible used for melt spinning. The nozzle
diameter of the crucible was 0.5 mm. Ribbon specimens
were produced by melt spinning at Vs=20–50 m/s in an
argon atmosphere. The annealing treatment was carried out
in vacuum for 900 s at temperatures ranging from
673 to 873 K. The structure of the ribbons was examined by
x-ray diffraction XRD Cu K and transmission electron
microscopy TEM JEM-2010. Vibrating sample magneto-
meter VSM Hmax=1274 kA/m and superconducting
quantum interference device SQUID Hmax=3980 kA/m
were used to study the magnetic properties.
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Figure 1a shows the XRD patterns for the Fe52Pt30B18
alloy ribbons melt spun at different Vs ranging from
20 to 50 m/s. The L10-FePt+Fe2B phases can be observed
in the ribbons melt spun at Vs ranging from 20 to 37 m/s,
while the structure of the ribbons changes to fcc-FePt phase
with a further increase in Vs from 37 to 50 m/s. In addition,
the broad peaks of fcc-FePt phase can be noticed for the
ribbons at Vs=50 m/s, suggesting that the ribbon consists of
nanoscale size mixed structure consisting of amorphous and
fcc-FePt phases.10 The hysteresis loops for Fe52Pt30B18 rib-
bons at Vs=20–40 m/s are shown in Fig. 1b. The ribbons
obtained at Vs=40 m/s showed soft magnetic properties with
a saturation magnetization of 1.19 T. On the other hand, the
ribbons obtained at Vs=20–37 m/s showed hard magnetic
properties. The best hard magnetic properties with a good
hysteresis loop squareness were obtained for the ribbons at
Vs=35 and 37 m/s Fig. 1b. For the ribbons at Vs
=35 m/s, the remanence Br, iHc, and BHmax were found
to be 0.70 T, 783 kA/m, and 88.0 kJ/m3, respectively,
whereas for Vs=37 m/s, the values were 0.71 T, 760 kA/m,
and 93.4 kJ/m3, respectively. These alloys were also charac-
terized to be magnetically isotropic. The hard magnetic prop-
erties were remarkably degraded for the ribbons at Vs
35 m/s and Vs37 m/s.
In order to examine the reasons for the significant
changes in the hard magnetic properties of Fe52Pt30B18 rib-
bons consisting of L10-FePt and Fe2B phases obtained at
different Vs, the microstructure was investigated by TEM.
The L10-FePt/Fe2B composite structure with an average
grain size of 80 nm was recognized for the ribbon at Vs
=25 m/s as shown in Fig. 2a. The structure was found to
be inhomogeneous. However, a much finer nanocomposite
structure with an average grain size of 40 nm was obtained
for the ribbon at Vs=37 m/s. The nanostructure was rela-
tively homogeneous as shown in Fig. 2b. The selected-
area electron diffraction SAED indicates that the structure
is crystallographically isotropic.
We have also investigated the structure and magnetic
properties of the ribbons consisting of fcc-FePt and amor-
phous phases after annealing treatment. Figure 3 shows the
FIG. 1. a XRD patterns of melt-spun Fe52Pt30B18 alloy ribbons prepared
by changing the surface velocity Vs of Cu wheel in the range from
20 to 50 m/s, and b hysteresis loops of melt-spun Fe52Pt30B18 alloy rib-
bons prepared by changing Vs in the range from 20 to 40 m/s.
FIG. 2. SAED patterns and TEM images of the melt-spun Fe52Pt30B18 alloy
ribbons: a VS=25 m/s and b VS=37 m/s.
FIG. 3. XRD patterns for the melt-spun Fe52Pt30B18 alloy ribbon at VS
=50 m/s annealed at various temperatures for 900 s.
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XRD patterns of the ribbons melt spun at Vs=50 m/s and
annealed at temperatures Ta ranging from 723 to 833 K for
900 s. The L10-FePt+Fe2B phases were found to form at
723 K in the fcc-FePt+amorphous matrix. Further increase
in Ta from 748 to 883 K resulted in the formations of
L10-FePt/Fe2B composite structure.
Figure 4 shows the hysteresis loops measured by SQUID
for the Fe52Pt30B18 ribbon at Vs=50 m/s and annealed at
748 K for 900 s, along with the hysteresis loops for the as-
spun ribbon at 37 m/s. It can be noticed that the iHc is
slightly decreased in the case of annealed ribbons as com-
pared to as-spun ribbon, but the hysteresis loops for the an-
nealed ribbon exhibited higher Br and better squareness,
which resulted in the larger value of BHmax. The Br, iHc,
and BHmax are 0.77 T, 681 kA/m, and 108.0 kJ/m3, re-
spectively. Figure 5 shows the TEM image along with a
SAED pattern for the ribbons at Vs=50 m/s and annealed at
748 K for 900 s. The SAED pattern indicates that the struc-
ture consists of L10-FePt and Fe2B phases. From the TEM
image, it is also recognized that the nanocomposite structure
is homogeneous, and the average grain size is 20 nm. Re-
sults of magnetic measurements on the as-spun as well as
annealed Fe52Pt30B18 ribbons are summarized in Table I.
The high values of reduced remanence Mr /Ms0.70
and the smooth hysteresis loop shape like a single phase
magnet, along with the existence of strong spring-back ac-
tion Table I and Fig. 4, are the characteristics of a
exchange-coupled nanocomposite magnet consisting of soft
and hard magnetic phases.4,5,13 It is to be noted that the best
hard magnetic properties are obtained for the Fe52Pt30B18
ribbons at Vs=50 m/s and annealed at 748 K for 900 s and
are due to the enhancement in exchange coupling among the
uniformly distributed nanosized Fe2B soft14 and L10-FePt
hard magnetic phases Table I and Fig. 5. The fine
L10-FePt/Fe2B nanocomposite structure results in the de-
crease in the critical distance for exchange coupling,5,8 which
leads to a situation where exchange coupling between the
two phases can be achieved even for a larger amount of the
soft magnetic phase.
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FIG. 4. Hysteresis loops of the melt-spun Fe52Pt30B18 alloy ribbon at Vs
=50 m/s annealed at 748 K for 900 s a, together with the result of the
alloy ribbon at Vs=37 m/s b.
FIG. 5. SAED patterns and the TEM image of the melt-spun Fe52Pt30B18
alloy ribbon at Vs=50 m/s annealed at 748 K for 900 s.
TABLE I. The Mr /Ms, Br, iHc, and BHmax values of melt-spun Fe52Pt30B18
ribbons at various processing conditions.
Vs
m/s
Ta
K Mr /Ms
Br
T
iHc
kA/m
BHmax
kJ/m3
25 ¯ 0.63 0.63 480 47.6
30 ¯ 0.66 0.66 512 55.2
35 ¯ 0.68 0.70 783 88.0
37 ¯ 0.70 0.71 760 93.4
50 748 0.75 0.77 681 108
50 773 0.73 0.74 718 101
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